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A Precision Dclayed-Pulse Generator 
For Measuring and Generating Short Time Intervals 



DELAYED-Pl'LSE generators, i.e., genera- 
tors that produce a pulse at a kntjwn and 
selectable time follow^ing a trigger signal, give 
ttie laboratory and production engineer an ex- 
cellent tool with which to measure and estab- 
lish accurate time intervals in the microsecond 
to millisecond region. Checking radar, loran, 
DME and Tacan system range calibration, 
measuring resolution of fast circuits, measur- 
ing or simulating fast gates, and measuring de- 
hiys in circuits and devices are typical of the 
measuring situations where such a generator 
is applicable. 

The new digital delay generator shown in 
Fig. I provides an initial time zero reference 
pulse and two positionable pulses (Fig. 2), all 
of which are accurately known tn time with 
respect to an external trigger pulse. The two 
positionable pulses and thus the two time in- 
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tervals formeti by the three pulses are each 
separately adjustable by calibrated panel con- 
trols over a range from I to 10,000 microsec- 
onds from time zero in digital steps of I micro- 
second and with continuous interpolation be- 
tween steps. The pulses have less than "^0.01 
microsecond jitter, and their time of occurrence 
is accurate within ~ 0.1 microsecond —0.001 % 
of the selected delay. Three plug-in type output 
circuits have also been designed to provide the 
pulses with optimum characteristics for a given 
application. 

The generator is particularly distinguished 
by the fact that it is a direct slave to the external 
trigger, which can have a random rate, but at 
the same time generates selectable delays di- 
rectly from a crystal-controlled oscillator. The 
instrument can also trigger from an internal 
rate circuit over a 1 cps to 1 kc range. 
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CRYSTAL-OSCILLATOR- 
DERIVED DELAY 

The basic appnwch in the design of 
the instrument has been to take advan- 
tage of the present-day sophistic.ition 
of digit.ll techniques to gate-out from 
an interna] erystal-eoiitrolled oscillator 
the particular oscillator pulse that 
forms the prescribed delay interval. Fij;. 
y shows the circuit arrani^ement in 
elemental form. An external or internal 
signal turns on the crystal oscillator 
whose output is counted by a speciallv- 
developed du.il preset counter until the 
first number preset on the panel con- 
trols is reached. The counter then opens 
a preset gate, allowing the gatcd-out 
pulse to trigger an interpolation multi- 
vibrator. The oscillator continues until 
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the second preset count has been 
reached and a second pulse gated out 
to a second multivibrator. By means of 
an arrangement described later, the pre- 
set counter gates otit in each case the 
oscillator pulse that occurs between 1 
.md 2 microseconds before the ends of 
the prescribed delays. Those pulses then 
trigger the interpolation multivibra- 
tors which are arranged to have pulse 
widths that are continuously adjustable 
from about 1 to 2 microseconds and 
whose trailing edges thus coincide with 
the prescribed delays. At the end of 
the longer delay interval a revet circuit, 
not indicated in Fig, 5, turns off the 
oscillator and resets the counter to pre- 
pare the circuits for another trrgger at 



Fig. 4. Block diagram of pnhcd cryilal oscillator. Ritiger / j ptilied 
cohiciileut u-iih oscillator to iniii"t' accKVittt^ cfnttHtng of pnt 
leu cycles oj oscillation where small starting Iruiisients may exist. 



the input terminal. Until the reset cir- 
cuit operates, a lockout circuit prevents 
any citernal triggers from re-starting 
the cycle. 

The design approach used has the 
advantage that the delay period begins 
on command of an external signal and 
yet is generated by a crystal-controlled 
oscillator. This contrasts with arrange- 
ments wherein an oscillator can be oper- 
ated continuously and wherein the 
generated delay is not time-locked to 
the external trigger. 

PULSED CRYSTAL OSCILLATOR 

To achieve a precision delay that is 
time-locked to an external trigger, it 
has been necessary to develop a special 
pulsed crystal oscdlator that has con- 
stant starting phase in addition to con- 
stant starting amplitude. Special coun- 
ter circuits capable of multiple presets 
have also been developed. 

Basically, the pulsed crystal oscilla- 
tor is a multi-stage circuit (Fig. 4) 
which also has a negative feedback loop 
controlled by a gate. During the time 
u hen no delay is being generated, the 
gate holds the negative feedback path 
in operation, thus preventing oscilla- 
tion. 

When an Cvternal trigger is received 
at the instrument input, it is amplified 
and applied as a command pulse to the 
oscillator gate. The gate then dis.ibles 
the negative feedback loop and simul- 
taneously applies a voltage step to the 
network containing the quartz crystal. 
This network is arranged as a bridge so 
that the voltage step is suppressed to a 
large extent at the bridge output, yet 
the crystal itself becomes e.'scited by 
that component of the step that coin- 
cides with the crystal's frequency. The 
arrangement thus provides a phase lock 
between the voltage step and the start 
of crvstai vibration. 



Although the reason for placing the 
crystal in a balanced bridge is to sup- 
press at the bridge output the initial 
volt.tgc step that excites the crvstai, it 
is difficult to maintain perfect balance 
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for tKc lirltlj^e network. This f.iL-t may 
cause a small component from cht; volc- 
jgf step to .ippi-Mr at [lit' bridnf output 
,ind this cumponcnt will be at the same 
frequency as the crystal output. Fur- 
ther, depending on the nature of bridge 
unbalance, this component may be out 
of ph.isc with the crystal output so that 
a substantial phase error would appear 
to e.\ist. There is danger, therefore, that 
the first few cycles of oscillation might 
contain substantial phase error. 

To counteract this situation, a ringer 
circuit is operated coincidenially with 
the oscillator. The ringer consists of an 
LC tank tuned to the I-mcgacycIc 01- 
eillaior frequencv. The ringer is oper- 
ated by applying to it the same com- 
mand pulse that operates the oscillator 
g.ite. Conditions are arranged so th.n 
the ringer is shocked into a decaying 
oscillation at the same time and in pre- 
cisely the same phase as the crystal os- 
cillation. The ringer output is then 
added to the oscillator output to pro- 
duce a pulsed train of 1 -megacycle os- 
cdlations that have constant startmg 
phase and relatively constant amplitude 
( lig. S ) . The requirement for phase ac- 
cunjcy in this train can be demon- 
strated by noting that to maintain 0.1 
microsecond dela\' .accuracy the phase 
at the end of H),()(}0 cycles of oscilla- 
tion must be within .Tt leas: -Jii6 . 

OSCILlArOR SHUT-DOWIM 

At the end of the longer of the two 
delay periods prescribed by the settings 
of the panel controls, the oscillator is 



turned off by applying to the bridge ,i 
voltage step that is so phased as to op 
pose almost exactly the vibration of thi 
quartz crystal. This step causes a can- 
cellation in a fraction of a cycle of most 
of the energy in the crystal. At tliL 
same time the negative feedback pati; 
in the oscillator is closed so that re- 
maining crystal energy k quickly coun- 
teracted. The arrangement is such that 
after about 2 11 microseconds the cryst.il 
is capable of being again pulsed on. 

PARALLri-ORIVE DUAL-PRESET 
COUNTER CIRCUITS 

A second major requirement for the 
circuitry of an instrument in which the 
output of the crystal oscillator forms 
directly the generated delay is sub- 
stantial speed of operation for the pre- 
set counters. Basically, the requirement 
is that the counters must operate in a 
fraction of the period of the oscillator. 
Since the oscillator operates at 1 mega- 
cycle, this requirement demands that 
the counters operate and open the preset 
gate in a fraction of a microsecond. If 
conventional cascaded or serial-entry 
counters were to fae used, the operating 
time of each of the (four) decades 
would .add to that of its companions so 
that individual decade operating times 
would have to be s^ery fast indeed. .M- 
ternativelv, serial-entrv counters could 
be reset to the complement of the sie- 
sired dclav, but this arrangement has 
the disadvantage that only one preset 
count can be obtained with one set of 
cotinters. 




OTHER MEASUREMENTS WITH THE DELAYED-PULSE GENERATOR 

BcsiE^es betng designed to produce output 
puliei afier a selectable number oF cycles 
from ifs own int^rnfil precision oscillator, the 
deloyed-pulse^ genprutor can allernotiv^ly 
counf ond operate from external periodic or 
cperiodic frequencies lying onywhere be- 
tween 10 cycles and T megacycle. The in- 
strument thus becomex valuobEe in meot- 
urements where other time bciie^ moy be 
used. In computert with interriaf clocki, foi' 
example, the deloy generator can count cny 
number of cloclt putses up to 10,000 to per- 
mit looking ot a desired section of the com- 
puter memory or at other decayed operci- 
tions within the compufer. 

Using the Duol-PuUe output unit, the in- 
itrumenf can be used to synthesize pulse- 
code groups such as those used in some nav!- 
golionol systems. The output of the genero- 
tor is oi ^u^cient amplitude to modulate 
signal generators %Q thot these groups con 
he obtained in f-f form if desired. 

The instrument Is also convenient for ose 
oi a precision go-no-go goge for such meos- 
itrements at colibroling delay Finei, especi- 
ally those cf long delay. In such work the 
Dual-Pulse or the Pulse-Duration output units 
can be used to generate a pulse whose width 
is equoF to the time tolerance on Ihe deluy 
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f{ne ond whose delay is equal lo the line't 
minimum acceptable delay. If this pulse U 
applied to orre input of a duol-trace oscillo- 
scope on^ the delay line output to the other, 
alternate scope sweeps wiH directly show 
whether the line output U within tolerance. 
A single-trgce oscilloscope con olso be used 
by employing the delay generator pulse to 
intensity-mod ulote an oppropriote section of 
the trace and noting whether the line out- 
put falls within the brightened section. Either 
of these arrangements enables noni-technicol 
personnel to moke precision deloy meosure- 
ments on a ropld^ production basis. 




ctji tittititfy oi output ptiiscs from Moi/et 
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To mcft this problem in .i more ad- 
vantageous manner, a method lias been 
developed for parallel entry into a set 
of counter;*. This method gives an op- 
crating lime for four decade units that 
is the same as for one* The resulting 
counter has the additional advantage 
that it is theoreiLcally capable of being 
preset to m.iny different counts, al- 
though in this instrument it is used a^ 
X dual preset counter {gives An output 
at each of two preset counts) , The in- 
strument is thus provided with two sets 
of preset controls,, but these operate in 
conjunction with only one iict of four 
decades. 

INTERPOLATION MULTIVIBRATOR 

The proper piiKe Irorii the crystal os- 
cillatt;>r could be ^ated directly to the 
output system to establish the desired 
delay to a resolution of 1 microsecond, 
but still higher resolution is achieved 
by using :i one-shot multivibrator to 
form the last 1 microsecond or so of the 
prescribed delay. The time constant in 
the multivibrator is adjusted by a con- 
tinuously-variable panel control cali- 
brated in 0. 1 -microsecond increments 
between and I. The control thus in* 
tL-rnoTu".'^ rl>,/ Llr-viud delav to an over- 
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Fig. y. Panel fivin rjj Model 2I*JA 
Trigger Unit. 2!9B Dual Pulse Unit, attil 
2I9C Ptihe Duration Uriil, respectively. 

.ill resolution of 0.1 microsecond. The 
niuhivibr.ilor is designed with very low 
jitter commensurate with the over,tll 
pcrtormance of the instrtimertt. 

As used in the circuit, the interpola- 
tion multivibrators have a minimum 
duration of about 1 microsecond .ind 
the interpolation control adjusts the 
duration between about I .ind 2 micro- 
seconds. To jvoid an error of ! micro- 
second in the gener.iced delay owing to 
this minimum 1 microsecond dur;ition, 
the preset counters arc arranjjed to 
count the pulse th.it comes from the 
oscillator ;Tt time zero, the beginninj; of 
the delay interval. When the counter 
reaches the preset number, then, the 
delay is about 1 microsecond short of 
the prescribed delay and this shortaj^e 
is filled in by the minimum duration of 
the multivibrator pulse. 

STARTING TIME 

In a delay generator that, in effect, 
offers resolution to (l.l microsecond, it 
is obviously of itiiportance to know to 
better than 0.1 microsecond at what 
moment the del.iy interv.il begins. Such 
a specihcation unavoid,ibly involves the 
nature o) the external trigger pulse and 
it is desirable, of course, that the rise 
time of the external trigger be faster 
than 0,1 microsecond whenever pos- 
sible. With an input trigger of O.Oi 
microsecond or f.istcr rise time and of 
2 volts minimum amplitude, the gener- 
ated delay begins 11.2^ microsecond 
±0.(H microsecond following the trig- 
ger. Start of the delay period is marked 
by the pulse T,, so that operation is un- 
ambiguous when slower fnpor triggers 
or sme waves are used. 



OUTPUT UNITS 

.'Xny one of the output units com- 
pletes the generator as an operating 
instrument. The simplest of the units 
provides two triggers, the hrst of which 
can occur at Ti, or Ti as desired and the 
second at T^. Both pulses have a peak 
amplitude of TO volts open circuit .and 
are provided from a Tt)-ohm source at 
positive polarity with a rise time of 0.1 
microsecond and a width of approxi- 
mately 2 microseconds. 

The second output unit is designed to 
enable tKe polarity, amplitude, .ind du- 
ration of any two of the three pulses 
to be selected to suit the application. 
The unit contains two SO-ohm pulse 
generators witii two sets of controls for 
adjusting pulse width from 0.2 to 5 
microseconds and pulse amplitude from 
II to 5 volts open circuit at either 
polarity. The two outputs are available 
separately or can be connected in com- 
mon by a panel switch. In common 
operation the source impcd.Tnce remains 
at 50 ohms. Rise time of the pulses is 
approximately 0.06 microsecond, while 
decay time is somewhat longer. Among 
other uses, this unit makes the instru- 
ment into a precision double-pulse gen- 
erator. Typical pulse shape is illustrated 
in I'ig. 7. 

The third output unit produces a 
pulse which is equal to one or the other 
of the generated intervals. Thus, the 
pulse either begins at Tn and ends at T| 
or begins at T, and ends at Tj, The unit 
thus enables both delay and duration 
to be digitally controlled. The pulse is 
simultaneously av.ulable at both posi- 
tive and negative polarity. Tn addition, 
two types of output circuits are pro- 
vided. One output supplies I rom to I S 
volts open circuit from a 90-ohm source 
with a rise time of 0.0.1 microsecond, 
while the second provides a non -adjust- 
able pulse value of 100 volts open cir- 
cuit from a iOO-ohm source. .Shape of 
the pulses provided by the 'JO-ohm out- 
put is illustrated in Fig, X. 

Besides the above-described outputs, 
.1 trigger is also available at T,i, Tj, or 
T^ from a nwin panel terminal. 

DELAYID TRIGGERING OF 05CIU0SC0PES 

The gener.itor can also be used with 
an electronical ly-rcarmable single- 
sweep oscilloscope such as the -hp- 
Model injA to permit jitter-free ex- 
amination of the individual pulses in 
trains that themselves have jitter. Ele- 
ments of thi.i arrangement are described 
in Vol. 7, No. 8 of this publication. 

—Don Broiieriit. Dexter Hartke, 
anil Man in W'itlrodl 



SPECIFICATIONS 

MODEL 218A 
DIGITAL DELAY GENERATOR 

Time itiiesvt^l Jlftinye; ,Tii lo Ti cirtd T.. io T^-j 1 
ro lO^QOO microfrecondv, pccurqcy 2.0.1 
/JSec, ±0.001% of Time jntervol selected, 

Dis'\^tj\ AdjusfjTien^- \ to ] 0,000 microaBcpndb 
in 1 ^jstic sleps 

Inter pttt^sfion- ContiriiuFOusI/ odtid^tctble con- 
■ iTdI adds to 1 micros^ecDnd to digital 
settling. 

\npuf Tf^gger; Internal— 10 cps to 10 kc in 3 
decod« ronges. 

Ejttefnal— to 10 kc. Positive or neciaiJve 
pulses 2 lo 40 volts peak ri&e time of 0.05 
/lifrc Of less. Sine wowes from 10 cps to 10 
kc. 

D^lciy hi!tween ext«rr^Dl inpul Ificjger end 
To is 0.25 ^jset, ' 0.05 /jsec. 

Jiffer 0-02 (i%ec or te«, 

Rerover^ X'}n\e: 30 jiset of 10% 0^^ selected 
intervajl, whichever is larger. 

Sync Ou^puf: 50 volt positive pul^e, riM lime 
0.1 f.'Sieic from 50 ohm source. AvailobEe st 
J-, T[, or T; as selected by a switch. 

} Mc" Output; When counting Internol 1 mc 
■crystal oscillator, pulses from cryatal oi- 
cillolor are ovojlable from front panel ton^ 
neclor for durallon of longer time inlervaj. 
2 volts, from 500 ohm source. 

EKl''erna/ Count jrtg: External sinusoidal fre- 
quencies between !0 cpi oncT 1 mc or eit- 
ternal pulses below 1 mc ^ar\ be counted in 
place of internal standard; 5 volti peak 
minimum required across nominal 1 meg- 
ohm Input Z 

Power: 115 230 volts - 10%, ^0 to to cps. 
525 watts. 

Vk^e^ghf: Net 75 lbs. 

Dimensfonsr ^^" high, 19" wide, 24" deep. 
Depth behind panel 21^4". 

PrJce: hp Model 218A Digital Delay Genero 
tor, Ract Mooni S2,00O.00 f.o.b- Palo 
Alto. California. Requires hp- 219A B C 
series plug-in unir. 

MODEL 219A 
DUAL TRIGGER UNIT 

iWhen plugged in Model 236A. 
Output: Two trigger pulses, A and B, 50 

volts, 0.1 ^jsec riie time from 50 ohm 

source. 
lim'm^: Trigger A at T,, or Tj as selected by a 

switch. Trigger B oi T;. 
Pofoj*f*')f.- Positive, 
^owerr ^Supplied by 21SA. 
We»gfi^ Net 10 lbs. 
Pr*ce; hp- Model 21PA Duol Trlgqer Unil 

SIOO.OO f.ob. Polo Alto, CaliforrtiD. 

MODEL 219D 
DUAL PULSE UNIT 

iWhen pfugged in Model 218A' 
Output'. Two pulses, pulse A and pylse B- 
rimrng: Pulse A—At Ti or Ti as selccled by a 

switch. 

Pulse B-At T.. 
Ampiifude: Individually odtustable, IP 50 

vohs peek, positive or negolive polorily, 

ovoJlable seporalely or from common jcicks. 
Output /mpedonce.- 50 ohms, for both iepa- 

rote or common connection. 
Widfh- Individually adjustable 0.2 }o 5 ;^:see. 
flise J\m^: 0,06 ^isec. 
Powers Supplied by 21BA. 
Wefght Net 15 lbs. 
Prjce; -hp- Model 2196 Dual Pulse Unit 

£450 00 fob. Polo Alio, Californio. 

MODEL 219C 
DIGITAL PULSE-DURATION UNIT 

(When plugged info Model 21BAI 

Output: SJorls a1 T-r ends al T., or storts or 
T; ends at T; as selected by o swilch 

Polanty> Positive ond negative pulsus ovojt- 
obte simultDneousty. 

Amp/ffud'e' Adiustable, to 18 volts peok 
into an open circuil from 90 ohnns source 
impedance or 100 voir peak ir^to on open 
circuit from 500 ohm source impedance. 

ftps* ond Decoy ffme: 0.03 ^iec for 90 ohm 
output. 

Power: Supplied by 2lSA. 

Weigjht. Net 15 ths. 

price- hp' Model 219C Digital Pulse-Durotion 
Unit £350.00 f.a h 9t^\r> A.Xity, C'^lifgmia, 
Data subjeirt to change without notice. 
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